background: The swim-up and hyaluronan (HA)-binding methods are used for the selection of good quality spermatozoa to improve pregnancy rates and embryo quality and to reduce the number of miscarriages after IVF. We evaluated whether the processing of sperm by these methods reduces the frequency of spermatozoa with abnormal karyotypes and altered chromatin quality in balanced translocation carriers.
Introduction
The number of couples reporting fertility problems is rapidly growing. Reduced ability to conceive and deliver a healthy offspring might be caused by various factors. Among them, the presence of balanced chromosomal translocation in karyotype was ascertained in 0.6% of infertile couples and in as much as 9.2% of couples with recurrent miscarriages (Stern et al., 1999) . With the introduction of ICSI, a powerful method was brought to the treatment of male infertility. However, even chromosomally normal infertile men undergoing ICSI are at an increased risk of transmitting aneuploidy to their offspring (Bernardini et al., 2000; Bonduelle et al., 2002) and the risk is considerably higher in translocation carriers. Sperm meiotic segregation studies have shown that between 3 and 80% of their spermatozoa are chromosomally unbalanced due to the meiotic segregation of chromosomes involved in the translocation (reviewed by Morel et al., 2004; Benet et al., 2005) . Moreover, gametes that are aneuploid for other chromosomes are produced in some translocation carriers at a higher incidence than in men with normal karyotypes, indicating an interchromosomal effect of translocations (Douet-Guilbert et al., 2005) .
The risk of spontaneous abortion or transmission of chromosomal imbalances to the progeny can be reduced by selection of normal/ balanced embryos by PGD (Munné, 2005) . Additionally, various methods have been introduced for the improvement of semen quality prior to IVF. Among them, particularly the swim-up and, recently, the hyaluronan (HA)-binding method are widely used.
The increase in rates of motile and morphologically normal sperm, as well as the decrease in rates of spermatozoa with internal anomalies such as apoptosis, DNA damage and reduced chromatin condensation are characteristic of the motile sperm population selected by swim-up (Hammadeh et al., 2001; Younglai et al., 2001; Ricci et al., 2009) . Concerning the chromosomal content, studies describing a reduction in the frequency of sperm disomy and diploidy (Ong et al., 2002; Jakab et al., 2003) in the motile swim-up fraction have been published, but such an improvement in processed samples has not been observed by other authors (Benet et al., 1992; Samura et al., 1997; Van Dyk et al. 2000) .
The HA-binding method is used for selection of mature sperm to improve pregnancy rates and embryo quality and to reduce the number of miscarriages after IVF (Nasr-Esfahani et al., 2008; Nijs et al., 2010) . HA-bound spermatozoa have been shown to exhibit fewer morphological (Ye et al., 2006; Nijs et al., 2009; Prinosilova et al., 2009) and chromatin abnormalities (Huszar et al., , 2007 Nasr-Esfahani et al., 2008; Yagci et al., 2010) . However so far, there is a little information on whether the ability of sperm to bind to HA correlates with chromosomal aneuploidy rates. Reduced disomy and diploidy frequencies in HA-bound sperm when compared with the whole ejaculate were reported by Jakab et al. (2005) .
The sperm chromatin structure assay (SCSA) enables fast identification of the DNA fragmentation index (DFI, percentage of cells showing denatured DNA) and percentage of cells with high DNA stainability (HDS, cells with defective chromatin condensation) in sperm samples using flow cytometry. By comparison with threshold values (30 DFI and 15% of HDS cells), the results of SCSA can be used as a predictor of the pregnancy success (Larson-Cook et al., 2003; Virro et al., 2004; Kennedy et al., 2011) . For the sperm quality assessment, the SCSA is more sensitive than basic sperm analysis (Rubes et al., 2005a) .
In this study, we analysed, by fluorescence in situ hybridization (FISH) and SCSA, the frequency of spermatozoa chromosomally unbalanced due to the meiotic segregation of a balanced translocation, sperm aneuploid for chromosomes X, Y, 7, 8, 13, 18 and 21, diploid sperm and sperm with altered chromatin quality in ejaculates from 12 carriers of balanced chromosomal translocations. The aneuploidy, diploidy and altered chromatin quality rates observed in the group of translocation carriers were compared with data obtained from a group of 10 control donors. The effects of the swim-up method and of the sperm-HA-binding method on the frequency of spermatozoa with abnormal karyotype and altered chromatin quality were assessed in the group of translocation carriers.
Materials and Methods

Semen samples
Semen samples were obtained by masturbation from 12 carriers of balanced chromosomal translocations and the control group of 10 normospermic men. Samples were allowed to liquefy at room temperature and were analysed using standard spermatological techniques (WHO 2010) , processed by swim-up and/or HA binding, or stored frozen in liquid nitrogen without any cryopreservation. For information on individual donors, see Table I . All the donors gave their informed consent for the semen analysis. The study was approved by the Ethics Committee of the University Hospital Brno, Czech Republic. Some of the results discussed in this paper for patients P8, P9, P10 and P11 were published previously (Vozdova et al., 2008 (Vozdova et al., , 2011 .
Swim-up method
Fresh semen samples of 11 translocation carriers were processed by the swim-up method. A 500-ml sample of the liquefied ejaculate was overlayered in the tube with 1 ml of the sperm washing medium (SAGE In vitro Fertilization, CT, USA) prewarmed to 378C. After incubation of the sample at 378C for 30 min with the tube slanted at an approximate angle of 458, the motile fraction was collected in a clean tube and analysed immediately by FISH or SCSA or frozen in liquid nitrogen until analysis.
HA-binding method
Fresh semen samples of six translocation carriers were processed by the HA binding method. A 100-ml sample of liquefied ejaculate was incubated in a modified Cell VU semen chamber coated with hyaluronic acid (MidAtlantic Diagnostics, Inc., NJ, USA) at room temperature for 10 min. Then the unbound sperm were removed by gently rinsing the slide with PBS. The slide was allowed to air dry and subjected to sperm-FISH.
Sperm-FISH
For the FISH assay, sperm samples were thawed at room temperature, smeared onto clean microscope slides and allowed to air dry. The DNA of sperm nuclei was decondensed and denatured by a 2-min incubation in 1 M NaOH. Subsequent multicolour FISH was performed according to the instructions of the manufacturers of the probes. The combinations of DNA probes used for each translocation are summarized in Table II . Where a biotinylated probe was used, detection was performed by incubation with a 1:1 mixture of avidin-FITC (Vector Laboratories, Burlingame, CA, USA) and avidin-Cy3 (Amersham, Arlington Heights, IL, USA) to obtain yellow signals. The a-satellite probes for chromosomes X, Y, 7, 8 and 18 (Vysis) and locus-specific probes for chromosomes 13 (Kreatech) and 21 (Vysis) were used in combinations of two and three probes on three separate slides for each sample. The preparations were mounted using the antifade solution (Vector) containing 0.01 mg/ml DAPI (Sigma Chemical Co., St. Louis, MO, USA). The slides were examined using strict scoring criteria (Rubes et al., 2005b) 
Sperm chromatin structure assay
The integrity of sperm chromatin was measured in 5000 sperm using flow cytometry (Sperm Chromatin Structure Assay, SCSA) after DNA denaturation and staining with acridine orange as described by Rybar et al. (2009) . The DFI and percentage of HDS cells were assessed using an FACSCalibur flow cytometer (Becton Dickinson, Mountain View, CA, USA), operated by the CELLQuest software. The data were analysed using SCSA-Soft software (SCSA Diagnostics, Inc., Multiplex Research &Technology Center, Brookings, USA).
Statistical analysis
Differences between the neat semen of translocation carriers and control donors and between ejaculated and processed samples from translocation carriers were tested by Wilcoxon signed-rank test using the SPSS, version 18 for Windows (SPSS, Inc., Chicago, IL, USA) software package.
Results
The conventional semen analysis (see Table I ) showed normal results in all the control donors and in most of the translocation carriers, with the exception of oligoasthenospermia in P3 and teratospermia in P4 and P11. The results of the FISH analysis are summarized in Tables III -V. A single scorer evaluated all the slides in the meiotic segregation study. The same scorer evaluated the unprocessed and processed samples for the same probe combination in the aneuploidy study.
Concerning the meiotic segregation study, 3000 spermatozoa per sample were scored in Robertsonian and 1000 spermatozoa per sample were scored in reciprocal translocation carriers. The mean frequencies of unbalanced segregation products in the ejaculated and swim-up processed samples were 17.5 and 16.5% in the group of Robertsonian translocation carriers, and 55.4, 54.5 and 50.9% in the ejaculated, swim-up and HA-bound sperm samples in reciprocal translocation carriers, respectively. A statistically significant difference was only observed between the ejaculated and HA-bound sperm samples (P ¼ 0.028) in reciprocal translocation carriers. The alternate mode of segregation was most frequent in all carriers, but the ratios of other types of segregants varied in individual carries.
The results of the aneuploidy study are summarized in Table V . The frequencies are based on scoring at least 10 000 spermatozoa per patient for each probe combination, with the exception of 9070 sperm being used in P3 for chromosomes 7 and 8, and 7004 sperm in P5 for chromosomes 7 and 13. There were no significant differences between the groups of the translocation carriers and the control donors, even though some of the carriers showed high aneuploidy and diploidy rates. A statistically significant reduction between the ejaculated and swim-up processed samples was observed in the frequency of sperm showing disomy 18 (P ¼ 0.020), XY disomy (P ¼ 0.032) and meiosis I (MI, P ¼ 0.005) and total (P ¼ 0.014) diploidy.
The results concerning chromatin integrity and condensation detected by SCSA are displayed in Table I . The values exceeded the 30% DFI threshold in three patients (P3, P4 and P9) and the 15% HDS threshold in two patients (P1 and P5). The frequency of spermatozoa with fragmented chromatin was significantly higher (P ¼ 0.043) in the group of translocation carriers (mean, 24.4 + 16.5%) compared with controls (mean 12.0 + 4.2%). Significantly fewer sperm showing defective chromatin condensation were detected in the swim-up processed (mean 3.1 + 1.6%) compared with unprocessed (mean 11.9 + 5.1%) samples (P ¼ 0.002). 
Sperm selection in translocation carriers
Discussion
Reproduction failures, including primary sterility due to abnormal semen parameters, and repeated pregnancy losses are frequently observed in balanced translocation carriers. Moreover, the risk of delivering unbalanced offspring due to parental translocation is generally up to 30% (Gardner and Sutherland, 2004) . That is why such couples seek help in assisted reproduction (AR) centres. Any method increasing the chance of conceiving and delivering a healthy child would be of great benefit to translocation carriers. The transfer of embryos with chromosomal imbalances at the level of whole or parts of chromosomes can be prevented by selection of normal/ balanced embryos by PGD (Munné, 2005) . Methods for improving sperm quality are implemented in most AR centres to increase the chance of fertilization with properly matured motile sperm containing intact DNA. The effect of the swim-up and HA-binding methods on disomy or diploidy rates in processed sperm samples has been studied providing controversial results (Samura et al., 1997; Jakab et al., 2003 Jakab et al., , 2005 . However, the frequencies of spermatozoa which are chromosomally unbalanced due to the meiotic segregation of translocations are usually several times higher (3-80%, reviewed in Morel et al., 2004; Benet et al., 2005) in balanced translocation carriers compared with the total aneuploidy rates in men with normal karyotypes ( 4.5%, as revealed by FISH studies reviewed by Templado et al., 2005 Templado et al., , 2011 .
The difference between the rates of chromosomally unbalanced spermatozoa and the empirical risk of delivering unbalanced offspring can be explained by selection acting during the process of fertilization, early embryonic development and development of the fetus. However, generally, assessment of the frequency of chromosomally abnormal sperm, together with the level of the sperm DNA fragmentation, has a predictive value for IVF outcome (Escudero et al., 2003; Larson-Cook et al., 2003; Kennedy et al., 2011) .
The controversial existence of the interchromosomal effect of translocations on the frequency of sperm aneuploidy of chromosomes not involved in the translocation (Douet-Guilbert et al., 2005) was not confirmed in our group of translocation carriers, even though some of the carriers showed high aneuploidy and diploidy rates. However, the increased values of DNA fragmentation in the sperm of translocation carriers shown in our study by SCSA has been observed by some other authors (Brugnon et al., 2006; Perrin et al., 2009 ) using terminal deoxynucleotidyl transferase-mediated dUTP nick-end labelling assay.
According to our results, the swim-up method seems to be able to decrease the rates of some disomic (chromosome 18 and XY disomy) and diploid sperm and sperm showing defective chromatin condensation (HDS cells swim-up fraction is not surprising, as the group of HDS cells showing imperfect chromatin condensation consists mostly of immature sperm and spermatids and a correlation between high stainability and motility has been reported (Richthoff et al., 2002; Giwercman et al., 2003; Sills et al., 2004) . From the point of view of translocations, the motility of a sperm is probably not influenced by its unbalanced chromosomal status. However, the ability to bind to the HA-based receptors on the oocyte surface seems to be decreased or lost in some of the Sperm selection in translocation carriers unbalanced sperm. This indicates that the abnormal chromosomal content of the sperm can, to some extent, negatively influence sperm function.
Conclusion
The swim-up method is suitable for selection of sperm with proper chromatin condensation and a lower frequency of aneuploidy and of diploidy. The frequency of spermatozoa chromosomally unbalanced due to the segregation of reciprocal (but not Robertsonian) translocation was significantly lower in HA-bound sperm. However, the advantages of either method for selecting normal sperm are limited.
